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Fig. 14 — Containerized pressufe-swing adsorption plant for oxygen recovery

The costs of ozone production are primari-
ly governed by the power requirement of
the ozone generator in which ozone is
formed from oxygen by a corona
discharge. The majority of ozone
generators of today still use air as a
feedstock; the power required by the
generator to produce 3% by weight ozone
from the air stream amounts to more than
17 KWh/kg ozone. By way of contrast, O,
production with oxygen as a feedgas is
considerably less expensive, i. e., to pro-
duce 3% by weight of O; from a stream of
oxygen calls for no more than about 7
kWh/kg ozone. Apart from this, it is hardly
possible to obtain O3 concentrations in air
above 3% by weight, whereas in ozone
generation from oxygen, values of 6% by
weight and above can be obtained. This
would thus argue in favour of using an
ozone-generation process operating with
an oxygen feedstock.

The underlying principle of the Linde
ozone process is shown in Fig. 15. Ox-
ygen is extracted from air by a low-tempe-
rature air-separation process, fed into the
ozone generator and converted to ozone
in an alternating electric field, the yield be-
ing between 5 and 6% by weight. To
recover the unused oxygen, ozone is
separated off from the O,/O; mixture leav-
ing the generator in a pressure-swing ad-
sorption plant. The ozone is adsorbed
while the oxygen passes the adsorber
unimpeded. The recovered O, is added to
the intake oxygen upstream of the ozone
generator. When the O;-loading capacity
of the adsorber has been exhausted, the
adsorber must be regenerated, ozone be-
ing obtained as product in the regenera-
tion process.

Regeneration and product generation are
so designed that the impure nitrogen pro-

duced by the air separation plant is used
as purge gas. The ozone is desorbed by
the purge gas flowing through the ad-
sorber and is released to the ozone con-
sumer in this form; the Os concentration in
the purge nitrogen is about 8% by weight.
To minimize oxygen losses, adsorbent and
power consumption of the separation pro-
cess, it is possible to constitute the ad-
sorption plant with up to 8 adsorbers. The
power required by the plant complex is
about 10 kWh/kg ozone.

As an alternative to the above ozone-
generation process, another process had
already been tested earlier on. In this the
air was also separated with a pressure-
swing adsorption plant to produce oxygen
[2]. Wherever high ozone requirements
must be met, the process using a low-
temperature air-separation plant is more
profitable.
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4. Microprocessor control
systems for pressure-swing
adsorption

) One of the features of a pressure-swing

adsorption plant is that the individual
adsorbers are operated in a discontinuous
process, i. e., pressurizing, adsorption
step, depressurizing, purging and repres-
surizing. It is only when a number of
adsorbers, with their individual control and
regulation equipment, are so interconnec-
ted that the entire adsorption process can
be seen as a uniform system, which in
turn is a condition for integration of the
adsorption process in a complete unit.

Up to a few years ago plants of this kind
were controlled and regulated by conven-
tional means until the first PSA plant was
erected in 1979, in which a microproces-
sor, using Linde's own hardware and soft-
ware concept, controlled the plant. Nume-
rous other plants of this kind followed in
rapid succession. The reasons for repla-
cing the usual pneumatic controls by
microprocessor controls were as follows:

— Plants that operate on a discontinuity
principle, such as PSA plants, call for
direct matching of the control of diffe-
rent process variables in order to facili-
tate continuous operation of the pro-
cess complex (multi-loop control
system). When conventional pneumatic
regulators are used it is only possible
to achieve the collaboration of a num-
ber of control circuits by utilizing a
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Fig. 15 — Ozone-generation. plant with O,/O; separation by pressure-swing adsorption
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great deal of equipment and the result
would still be imperfect since it is not
possible to achieve fully continuous
operation. If, however, the regulators
are replaced by mathematical control
functions, a computer can take over
the job of the regulators and their mat-
ching. Thus the PSA plants built by
Linde no longer contain any “hard-
ware” regulators as their jobs have
been taken over by the microprocessor
control system.

Operating personnel have visual
access to the process situation and
trend indications on a monitor screen
at all times.

— If there is a central process control
system in a plant complex in which the
PSA plant is designed to be integrated,
this does not constitute any obstacle to
using a microprocessor control system,
since this can be incorporated with the
aid of the appropriate communication
software.

Taken as a whole, a modern control
system rounds off the image of pressure-
swing adsorption as a progressive gas-
separation process. The large number of
plants already built have ensured for PSA
procedures a firm position in the field of
gas-separation technology and its range

of application will go on increasing in the
future.
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